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Specification 

1. Title of the Invention 

Vehicle Wheel Roller Bearing 

2. Claim 

(1) A vehicle wheel roller bearing wherein numerous minute independent 
depressions are provided at random on surfaces of rolling elements or at least either 
rolling surfaces or sliding surfaces of inner and outer rings and wherein when axial and 
circumferential surface roughnesses of the surfaces where the depressions are provided 
are obtained to be indicated by a parameter RMS, a ratio RMS(L)/RMS(C) of axial 
surface roughness RMS(L) to circumferential surface roughness RMS(C) becomes 1.0 
or smaller, and at the same time, a parameter SK value of surface roughness becomes 
-1 .6 or smaller in both axial and circumferential directions. 

3. Detailed Description of the Invention 
[Industrial Field of Application] 

The present invention relates a vehicle wheel roller bearing and more 
particularly to a taper roller bearing for a motor vehicle wheel which is effective in 
realizing torque reduction, proper seizing resistance and rigidity increase. 
[Related Art] 

There are used various types of taper roller bearings for motor vehicle wheels, 
including a conventional type in which two taper roller bearings are combined, a set 
right type, a taper unit type, a hub unit type and the like. In any of these types of taper 
roller bearings, an assembling preload is determined in consideration of torque, 
temperature increase, seizing resistance performance and the like. 

Incidentally, there have been demands for highly rigid wheel bearings as a 
result of recent demands for large and high-output vehicles, and improvements have 
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been desired in torque reduction, temperature increase suppression and seizing 
resistance performance. 

Conventionally, it is well known that the surface roughness of surfaces of 
rolling elements or rolling surfaces and sliding surfaces of inner and outer rings 
constitutes an important factor in extension of the service life of a wheel taper roller 
bearing. Thus, it has been considered to be good that the respective surfaces are 
finished as smooth as possible. 
[Problem that the Invention is to Solve] 

However, even though the surfaces of the rolling elements or the rolling 
surfaces of the inner and outer rings are finished smooth, it is not good enough to say 
that a sufficient oil film is formed at a contact portion between the rolling elements and 
the inner and outer rings, which would cause torque increase and temperature increase 
which eventually results in seizing. Thus, there is caused a problem that the increase 
in durability is limited. 

Then, a problem to be solved by the invention is how to provide a highly rigid 
vehicle wheel roller bearing which enables a sufficient oil film to be formed between 
rolling elements and inner and outer rings so as not to reduce torque loss but also to 
prevent the increase in temperature to thereby meet demands for high-speed roller 
bearings. 

[Means for Solving the Problem] 

With a view to solving the problem, according to the invention, there is 
provided a vehicle wheel roller bearing wherein numerous minute independent 
depressions are provided at random on surfaces of rolling elements or at least either 
rolling surfaces or sliding surfaces of inner and outer rings and wherein when axial and 
circumferential surface roughnesses of the surfaces where the depressions are provided 
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are obtained to be indicated by a parameter RMS, a ratio RMS(L)/RMS(C) of axial 
surface roughness RMS(L) to circumferential surface roughness RMS(C) becomes 1 .0 
or smaller, and at the same time, a parameter SK value of surface roughness becomes 
-1.6 or smaller in both axial and circumferential directions. 
[Function] 

Either the surfaces of the rolling elements or the rolling surfaces or sliding 
surfaces of the inner and outer rings are each formed into the minutely roughened 
surface which is roughened at random. Then, the axial and circumferential surface 
roughnesses of the surfaces where the depressions are provided are obtained, and the 
ratio RMS(L)/RMS(C) of axial surface roughness RMS(L) to circumferential surface 
roughness RMS(C) is made to be 1 .0 or smaller and the parameter SK value of surface 
roughness is made to be -1.6 or smaller in both the axial and circumferential directions. 
Therefore, the oil film forming rate at the contact portion between the rolling elements 
and the inner and outer rings can be increased, whereby the torque loss can be reduced 
and the increase in bearing temperature can be suppressed so as to prevent the seizing of 
the taper roller bearing. Thus, according to the invention, there is provided the vehicle 
wheel taper roller bearing which can realize a high-speed and highly rigid vehicle wheel 
taper roller bearing by enabling an increase in preload. 
[Embodiment] 

Hereinafter, an embodiment of the invention will be described based on the 
accompanying drawings. 

Fig. 1 shows the construction of a wheel portion of a motor vehicle. A hub 4 
is fixedly fitted on a stem 3 of a constant velocity joint which is joined to a drive shaft 1, 
and a knuckle 6 is supported on the hub 4 via taper roller bearings 5, 5. 

In the case of the taper roller bearings 5 shown in the figure, an example is 
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shown in which two single-row taper bearings are combined in a face-to-face 
configuration and a spacer 7 is interposed therebetween. 

Fig. 2 shows a specific sectional construction of the vehicle wheel roller 
bearing 5 in which a large number of taper roller rolling elements 8 are assembled 
between an outer ring 9 and an inner ring 10 and the rolling elements 8 are disposed so 
as to be spaced apart from each other at constant intervals by a cage 1 1 . 

In the taper roller bearing 5, surfaces of the rolling elements 8 or at least either 
rolling surfaces of the inner ring 10 and the outer ring 9 or an inner sliding surface of a 
flange 10a of the inner ring 10 is formed into a minutely roughened surface a. 

In this minutely roughened surface a, when axial and circumferential 
roughnesses of each surface are obtained to be indicated by a parameter RMS, a ratio of 
axial surface roughness RMS(L)/RMS(C) of axial surface roughness RMS(L) to 
circumferential surface roughness RMS(C) is made to be 1.0 or range from 0.7 to 1.0 
and a parameter SK value of surface roughness is made to be -1.6 in both axial and 
circumferential directions. 

To obtain the conditions of the minutely roughened surface a, a desired finished 
surface can be obtained by a special barrel polishing. 

The parameter SK value denotes the skewness of a distribution curve of surface 
roughness. Although in a symmetrical distribution like Gaussian distribution, the SK 
value becomes 0, the set parameter SK value of -1.6 or smaller in both the 
circumferential and axial directions assures that the shape and distribution of recess 
portions on the surface in question reside in an advantageous range for formation of an 
oil film. 

Next, results of a service lift test will be described. The service life test was 
carried out on taper roller bearings B, C in which the minutely roughened surface a was 
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applied to surfaces of rolling elements 8 and a conventional taper roller bearing A in 
which surfaces of rolling elements were finished into smooth surfaces. 

All the taper roller bearings A, B, C that were used in the service life test had 
an outer ring whose outside diameter was 72 mm and an inner ring whose inside 
diameter was 30 mm. 

Note that a super finish was given to surfaces of rolling elements of the 
conventional taper roller bearing A after having been ground, and surfaces of rolling 
elements of the taper roller bearings B, C according to the invention were polished by a 
barrel to thereby be formed into a minutely roughened surface. 

In addition, a radial load testing machine 21 shown in a schematic diagram in 
Fig. 3 was used as a testing device. The test bearing A or B, C was attached to both 
sides of a rotating shaft 22 of the testing machine 21. Thus, the service life test was 
carried out by rotating the bearings so attached while applying a load thereto. 

The following are testing conditions. 

Bearing Radial Load: 1800 kgf 

Inner Ring Revolution Speed: 3050 rpm 

Lubricant: Turbine Oil 

The results of rolling element service life tests which were carried out on the 
respective test bearings under the aforesaid testing conditions are shown in Fig. 4. 

As is obvious from the results of the tests carried out in the way described 
above, the taper roller bearings B, C of the invention indicated longer service lives than 
that of the conventional taper roller bearing A. 

In addition, when the rolling elements of the test bearings were rolled, many 
peeling damages were found on the super-finished surfaces of the rolling elements of 
the conventional taper roller test bearing A, while no such damage was recognized on 

6 



the roughened surfaces of the rolling elements of the test bearings B, C according to the 
invention. 

Figs. 5 and 6 show resultant service lives (Lio) obtained with respect to SK 
values and RMS ratio L/C. 

As is shown in Fig. 5, the test bearings B, C whose SK value is -1.6 or smaller 
show long lives. 

In addition, with respect to the axial roughness RMS (L/C), as is shown in Fig. 
6, it was found that the long life was assured even at 1.0 on the test bearing C to which 
the special barrel polishing treatment was applied. 

Next, oil film parameters A when the rollers of the test bearings A, B, C were 
combined with the rolling surfaces of their inner rings under the aforesaid testing 
conditions were calculated based the Grubin formula and resultant calculation values 
are shown in Table 1. 

Table 1 

Resultant Calculation Values of Parameter A Under the Test Conditions 





A 


Test Bearing A 


2.3 


Test Bearing B 


1.2 


Test Bearing C 


1.3 



In general, a relationship shown in Fig. 7 exists between oil film parameter and 
oil film forming rate, and it is considered to be good that the oil film parameter is large 
from the viewpoint of service life. However, as is obvious from the results of the 
service life test, the generally accepted fact cannot be explained based on A only. 

An accelerated peeling test was carried out to verify oil film forming situations 
on the finished surfaces of the rolling elements and peeling resistance performances 
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thereof using test pieces which had the same surface conditions as those of the test 
bearing B according to the invention and the conventional test bearing A under free 
rolling conditions by use of a double cylinder testing machine. The verification of oil 
film forming situations was carried out based on the direct current energization method. 
Test Conditions 

Maximum Contact Surface Pressure: 227 f/mm 2 

Circumferential Speed: 4.3 m/sec (2000 rpm) 

Lubricant: Turbine Oil 

Number of Times of Repeated Loading: 4.8x1 0 5 (4hr) 

The oil film forming rates obtained on the respective test bearings based on this 
test are as shown in Figs. 8 and 9. Compared with the test bearing A according to the 
related art, an increase of on the order of 20% in oil film forming rate was found in the 
oil film forming rate of the test bearing B according to the invention at the start of 
operation of the testing machine. 

In addition, it was verified that the oil film was formed almost completely 
when the number of times of repeated loading reached 4.8x1 0 5 . 

Further, the generation of peeling of the order of 0.1 mm in length and 
propagation thereof were recognized in many locations on the super-finished surfaces of 
the rolling elements of the test bearing A. On the other hand, no such damage was 
recognized on the roughened surfaces of the rolling elements of the test bearing B 
according to the invention. In addition, although data is omitted herein, a similar 
effect was found on the bearing C, and the generation of peeling and other damages 
were not recognized thereon. 

Next, Figs. 10 and 11 show results of measurements of bearing rotating torque 
which were carried out using the test bearings A, B to verify the oil film forming 
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situations on the taper roller bearings. 

Note that a minutely roughened surface, which is roughened at random, is 
formed on an overall external surface of the taper roller rolling element 8 of the test 
bearing B according to the invention which includes an end face 8 a of a large-diameter 
end thereof which is brought into contact with the flange 10a of the inner ring 10. 

As is obvious in Figs. 10 and 11, compared wit the conventional standard 
bearing, the rotating torque is reduced by on the order of 30% on the taper roller bearing 
of the invention. Thus, the taper roller bearing of the invention exhibits a remarkable 
advantage particularly at a low rotation speed and in a largely loaded area where an oil 
film is difficult to be formed. 

Next, Figs. 12 and 13 show results of a seizing resistance test which was 
carried out with a minute amount of lubricant by use of the test bearings A, B. 

The results of the seizing resistance test shown in the figures are such that the 
test was carried out under test conditions of Fa=800 kgf, n=3000 rpm and an applied 
lubricant amount was lcc and test results were determined at a point in time when the 
torque value reached a torque value which was twice as large as an initial torque value. 
It is found that compared with the conventional test bearing A, the test bearing B of the 
invention has the seizing resistance which is substantially twice as large as that of the 
conventional test bearing A. Almost the same torque reduction and seizing resistance 
improvement effects are recognized on the bearing C as well. 
[Advantage] 

Thus, according to the invention, at least one of the contact surfaces between 
the rolling elements and the inner and outer rings is formed into the minutely roughened 
surface which is roughened at random and the axial and circumferential roughnesses of 
the minutely roughened surface are suppressed to fall within the constant range. 
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Therefore, an oil film is easy to be formed on the minutely and randomly roughened 
surface, and the minute depressions formed constitute oil reservoirs, whereby the oil 
film formation at the contact portion between the rolling elements and the inner and 
outer rings is implemented in an ensured fashion. Because of this, the torque loss 
during rotation can be reduced and the increase in temperature of the bearing can be 
suppressed, which eventually prevents the generation of seizing, thereby making it 
possible to meet the demands for vehicle wheel high-speed taper roller bearings. 

In addition, an increase in preload is enabled, whereby the rigidity of the 
vehicle wheel taper roller bearing can be increased, thereby making it possible to realize 
an increase in durability thereof. 
4. Brief Description of the Drawings 

Fig. 1 is a vertical sectional view showing a state in which a vehicle wheel 
roller bearing according to the invention is in use, Fig. 2 is an enlarged sectional view of 
the roller bearing, Fig. 3 is a schematic view of a testing device, Fig. 4 is a graph 
showing results of a rolling fatigue life test, Fig. 5 is a graph showing a relationship 
between SK value and lift, Fig. 6 is a graph showing a relationship between RMS(L/C) 
value and life, Fig. 7 is a relationship diagram showing oil film parameter and oil film 
forming rate, Figs. 8 and 9 are graphs showing oil film forming rate, Figs. 10 and 11 are 
graphs showing results of measurements of rotating torque of the conventional taper 
roller bearing and the taper roller bearings of the invention, and Figs. 12, 13 are graphs 
showing results of a seizing resistance test carried out on the conventional taper rolling 
bearing and the taper roller bearings of the invention. 

5 taper roller bearing; 8 rolling element; 9 outer ring; 10 inner ring; a minutely 
roughened surface. 
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Applicant for Utility Model Registration: NTN Toyo Bearing Co., Ltd. 
Agent for the same : Kamata, Bunji, 
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